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A pump comprising: 
^flexible diaphragm, 
a rtgid member, 

an arr seal formed between said diaphragm and said rigid member, 

a puller member attached to said flexible diaphragm, 

a drive member connected to said puller member which drive member is 
adWed to draw said puller member along with said diaphragm 
awa^from said rigid member, thereby creating a space between said 
diaphragm and said rigid member and forming a pressure region 
within saud space, 

a motor drive mefchanism including said drive member to reciprocate said 
puller memW to first draw said puller member away from said 
rigid member^nd then move said puller member back toward said 
rigid member, 

an outlet in communication \6ith said space between said diaphragm and 

said rigid member, and 
a vacuum regulator device foiVsaid ngui member for adjusting the level of 

negative pressure wimiiAsaid pressure region when said diaphragm 

is moved away from said r\gid member. 



2. The pump of claim 1 wherein said Vacuum regulator device comprises a 
rotary valve member mounted for rotational movement on said rigid member, an 
aperture being formed through said valve member, and at least one hole formed 
through said rigid member in communication with \aid pressure region, said valve 
member having a first position wherein said valve aperture and said rigid member 
hole are aligned to place said pressure region in commxinication with atmosphere, and 
a covered position wherein said valve aperture and said rigid member hole are 
unaligned with said valve member closing said rigid membekhole. 
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3. The pump of claim 2 including a second hole formed through said rigid 
member, said valve member having a second position wherein said valve aperture and 
said rigid member second hole are aligned to place said pressure region in 
communication with atmosphere through said second hole, and wherein said pump 
has a maxirmim negative pressure generated in said pressure region when neither said 
first and second holes are aligned with said valve aperture, a minimum negative 
pressure generated in said pressure region when said second hole is aligned with said 
valve aperture, and a negative pressure generated in said pressure region intermediate 
to that of said maximum and said minimum when said first hole is aligned with said 
valve aperture. 

4. The pump ofNclaim 2 including a second hole formed through said rigid 
member, said valve member having a second position, said valve member having a 
channel formed therein overlying said rigid member with said valve member aperture 
extending into said channel, aim whejein said pump has a maximum negative pressure 
generated in said pressure regioiWhen neither said first and second holes are aligned 
with said channel, a minimum negative pressure generated in said pressure region 
when said first hole is aligned/ with ^id^channel, and an intermediate negative 
pressure to that of said maximum /asm minimum is generated when said first and 
second holes are aligned with saidLchanne 

5. A pump comprising: 
a flexible diaphragm, 
a rigid member, 

an air seal formed between said diaphragm and said rigid member, 
a puller member attached to one of said flexible diaphragm and said rigid 
member, 

a drive member connected to said puller meinber which drive member is 
adapted to draw said puller member\ along with one of said 
diaphragm and said rigid member from thk other of said diaphragm 
and rigid member thereby creating a space bjjetween said diaphragm 
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\ and said rigid member and forming a pressure region within said 
\ space, 

a motor drive mechanism including said drive member to reciprocate said 
\ puller member, 

an outlet , in communication with said space between said diaphragm and 

said rigid member, and 
a vacuum regulator device on said rigid member for adjusting the level of 

negative pressure within said pressure region when said diaphragm 

is moved away from said rigid member. 

6. A pump comprising: 

a second member movable relative to said first member, 
an air seal formed between said first and second members, 
a puller member attached\to saiflfi^st member, 

a drive member connectedW) said puller member which drive member is 
adapted to draw saiirWler member along with said first member 
away from said secpridVieprber, thereby creating a space between 
said first and second members and forming a pressure region within 
said space, \ 

a motor drive mechanism including skid drive member to reciprocate said 
puller member to first draw said puller member away from said 
second member and then move saiii puller member back toward said 
second member, \ 

an outlet in communication with said space between said first and second 
members, and \ 

a vacuum regulator device on one of said firsthand second members for 
adjusting the level of negative pressure within said pressure region. 

7. A vacuum regulator device for a breastpump comprising: 
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\a base in communication with a volume which is subject to a source of 
\ vacuum; 

said base having at least one hole formed therein which extends into said 
Volume; 

said rotaW disk member overlying said base and having an aperture 
thefethrough which is alignable with said at least one hole. 

8. A breastpumn comprising: 

first and secona motor driven pumps each generating a negative pressure, 
with an Wlet on each pump communicating with said negative 
pressure; \ 

first and second breast shield assemblies including tubing for connection to 

a respective pump; and 
a vacuum regulator associated with a respective pump, whereby the 

negative pressure generated by each said pump is independently 

regulatable. \ x-v 

9. The breastpump of claim 8 wherein dacn said motor driven pump includes 
a rigid shell, a flexible diaphragm sealiAglyWetfnted to said shell for movement 
relative to said shell, with a respective va^yum regulator being mounted on said rigid 
shell. \ 

10. A pump for use with a breast shield Assembly in the expression of 
mother's milk, comprising: \ 

a flexible diaphragm, \ 
a stationary cap member surrounding said flexibleydiaphragm, 
an air seal formed between said diaphragm and saia\cap member, 
a puller attached to said flexible diaphragm, \ 
a follower connected to said puller member which follower is adapted to 
draw said puller member along with said diaphragm away from said 
cap member, thereby creating a space between sard diaphragm and 
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said rigid member and forming a negative pressure region within 
said space, 

motor drive mechanism including a cam member mounted to turn with a 
drive shaft with said follower mounted off-center on said cam 
member and off-axis to said drive shaft, said cam member when 
rotated by said drive shaft causing said follower to reciprocate said 
Duller member to first draw said puller member away from said cap 
mfember and then move said puller member back toward said cap 
member, and 

an outlet in communication with said space between said diaphragm and 
said cah member which outlet is used to convey a pressure 
generated m said space, such as said negative pressure, to a breast 
shield assembly for use in extracting mother's milk. 

11. The pump of claim 10 nirther including a pair of outlets in communication 
with said space between said diaph^gnKand said/igid member, each of said outlets 
being connectable to a respective pre^fl ^eld Assembly, and a closure member for 
closing one of said outlets wheA sakl\mpp is used with a single breast shield 
assembly, said closure member ir clufling k relief port for allowing a predetermined 
amount of air to flow into said pressure regioi* when a negative pressure is generated 
within said pressure region to generally yield the same negative pressure at a single 
breast shield assembly as when using two breast shield assemblies without said 
closure. 



12. A pump comprising: 

a flexible diaphragm having a front side and a $)ack side, 
a stationary cap member surrounding said flexiblevdiaphragm front side, 
an air seal formed between said diaphragm and sai<rcap member, 
a puller attached to said flexible diaphragm, 
a follower pivotably connected to said puller membeV which follower is 
adapted to draw said puller member along with said diaphragm 
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away from said cap member, thereby creating a space between said 
diaphragm and said, rigid member and forming a negative pressure 
region within said space, 
a motoiydrive mechanism including a cam member mounted to rotate with a 
l^ive shaft with said follower movably mounted off-center on said 
carl* member and off-axis to said drive shaft, said cam member 
wheiirotated by said drive shaft causing said follower to reciprocate 
said puller member to first draw said puller member away from said 
cap member and then move said puller member back toward said 
cap member, 

a puller guide having a channel formed therein, and a guide member which 
extends into sajd guide channel for constrained relative movement 
within said channel as said puller member reciprocates, said puller, 
puller guide and kuide member cooperating together to maintain 
said puller moving \lpng an axis generally perpendicular to said 
diaphragm, and 

an outlet in communication mW saM-^ace between said diaphragm and 
said cap member wk&h\ outlet is used to convey a pressure 
generated in said space to a workpiece. 



13. The pump of claim 12 wherein a follower is pivotably connected to said 
puller member which follower is adapted to draw said puller member along with said 
diaphragm away from said cap member, said motor (hive mechanism including a cam 
member mounted to rotate with a drive shaft with saidMbllower movably mounted off- 
center on said cam member and off-axis to said drive ^haft, said cam member when 
rotated by said drive shaft causing said follower to reciprocate said puller member to 
first draw said puller member away from said cap membenand then move said puller 
member back toward said cap member, and a stationary Vuide having a channel 
formed therein, and a guide member mounted on said pullelt member which guide 
member extends into said guide for constrained movement withuj said channel as said 
puller member reciprocates. 
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14. The breastpump of claim 13 further comprising: 
a vacuum regulator communicating with said space between said 

diaphragm and said cap member. 

15. The breastpump of claim 14 wherein said vacuum regulator comprises a 
disk which is rotatably mounted on said cap member, said disk having an aperture 
formed therethrough which is selectively alignable with at least one opening through 
said cap member ^id extending into said space between said diaphragm and cap 
member. 

16. The breastpump of claim 14 wherein said vacuum regulator device 
comprises a rotary valve; member mounted for rotational movement on said cap 
member, an aperture beingNformed through said valve member, and at least one hole 
formed through said rigid mWber in communication with said pressure region, said 
valve member having a first Nposition wherein said valve aperture and said rigid 
member hole are aligned to place' said pressure region in communication with 
atmosphere, and a covered position wherein said valve aperture and said rigid member 
hole are unaligned with said valve memser closing said rigid member hole. 

17. The breastpump of cl@im 1© including a second hole formed through said 
rigid member, said valve member having a second position wherein said valve 
aperture and said rigid member second hole are aligned to place said pressure region 
in communication with atmosphere through Wd second hole, and wherein said pump 
has a maximum negative pressure generated inysaid pressure region when neither said 
first and second holes are aligned with said valve aperture, a minimum negative 
pressure generated in said pressure region when said second hole is aligned with said 
valve aperture, and a negative pressure generated ursaid pressure region intermediate 
to that of said maximum and said minimum when sai<$ first hole is aligned with said 
valve aperture. 

18. A pump mechanism for a breastpump comprisi 
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\ a motor drive having a drive shaft output; 
\ an eccentric mounted to be rotated by said drive shaft output; 
\ a first and a second puller; 
a first and a second expansible chamber, each said expansible chamber 
\ having a flexible diaphragm which is movable relative to a base 
\ member and is generally air sealed with respect to said base member 
\ so as to form a variable volume with said base member by 
\ movement of said diaphragm, each said diaphragm having a front 
We and a back side; 
an outlet \n communication with a variable volume of a respective chamber; 
said first p\iller being connected to said first expansible chamber to move 
its flexible diaphragm relative to a respective base member, and said 
second ^puller being connected to said second expansible chamber to 
move its\flexible diaphragm relative to a respective base member, 
said first and second pullers being connected to be moved by said 
eccentric in a> push-pull arrangement, whereby as said eccentric is 
rotated one exp^ansibj^chamber has a decreasing volume and the 
other expansible chamber has an increasing volume. 

19. The pump mechanism of claim \8 wherein said first puller is connected to 
said flexible diaphragm of said (firs? expansible chamber, said second puller is 
connected to said flexible diaphragm of said second expansible chamber, each said 
puller being pivotably mounted to said eccentric and extending in generally opposite 
directions from said eccentric with said expansible chambers on generally opposite 
sides of said eccentric, with said eccentric being mounted to said drive shaft. 

20. The pump mechanism of claim 19 wherem each said base member is a 
rigid cap within which a respective diaphragm is received to move relative to a cap 
interior wall, said rigid cap for said first expansible chamber being formed integral 
with a breast shield assembly and the other rigid cap foresaid second expansible 
chamber being mounted to a pump mechanism housing, with said outlet of said 
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sond expansible chamber communicating with a second breast shield assembly via 
tubing. 

,21. The pump mechanism of claim 19 wherein each said base member is a 
rigid can within which a respective diaphragm is received to move relative to a cap 
interior wall, each said rigid cap being formed in a pump mechanism housing, with 
said outletsNpf said first and second expansible chambers communicating with a 
respective breast shield assembly via tubing. 

22. A pump mechanism for a breastpump comprising: 
a motor arive, 
a first and V second puller; 

a mechanism connecting said first and second puller to said motor drive; 

a first and a Second expansible chamber, each said expansible chamber 
having aVirs/ member which is movable relative to a base member 
and is generally air sealed with respect to said base member so as to 



form a v; 
said first frieml 



a first outlet in 



)lume vmh said base member by movement of 
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\cojfamUjiication with the variable volume of said first 
chamber and a secbnd outlet in communication with the variable 
volume of said second chamber; 
said first puller being connected to said first expansible chamber to move 
its first member relativeVto a respective base member, and said 
second puller being connected to said second expansible chamber to 
move its first member relative to a respective base member, said 
first and second pullers being copnected to be moved in a push-pull 
arrangement by said by said mechanism, whereby as said motor is 
operated one expansible chamber n^s a decreasing volume and the 
other expansible chamber has an increasing volume. 



23. A pump mechanism for a breastpump comprising: 
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\ a motor drive; 

\ a first and a second expansible chamber, each said expansible chamber 
\ having an element which is movable relative to a base member with 
\ said element and base member being generally air sealed with 
\ respect to each other so as to form a variable volume between them 
\ by movement of said element relative to said base member, with an 
Vitlet in communication with a respective variable volume; and 
a drive train being connected to said motor drive and to said first and 
secoWd expansible chambers to move each expansible chamber 
element relative to a respective base member. 

24. The pump mechanism of claim 23 wherein said element is a flexible 
diaphragm and said base member is a rigid member to which said diaphragm is 
mounted and having a respective outlet formed in said rigid member, said diaphragm 
being moved in relation to said rigid member by a drive train including an eccentric 
which is rotated by said motor driW witfTaTirst puller mounted to move with -said 
eccentric and connected to the diaphragm of said first expansible chamber, and a 
second puller mounted to move with safid ea^entric^nd connected to the diaphragm of 
said second expansible chamber, said firs^and second pullers extending in generally 
opposite directions from said eccentl^/so as\to expand the volume of one expansible 
chamber while contracting the volume of the other expansible chamber as said 
eccentric rotates. \ 

25. The pump mechanism of claim 23 wherein said element is a flexible 
diaphragm and said base member is a rigid membekto which said diaphragm is 
mounted and having a respective outlet formed in said rigid member, said diaphragm 
being moved in relation to said rigid member by a drive train including an eccentric 
which is rotated by said motor drive, with a puller mounted to move with said 
eccentric and connected to a yoke, the diaphragms of said firsthand second expansible 
chambers being connected to said yoke so as to expand and contract the volumes of 
said expansible chambers in tandem as said eccentric is rotated. \ 
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l§. A pump mechanism for a breastpump comprising: 
. motor drive; 

a ^irst and a second expansible chamber, each said expansible chamber 
having an element which is movable relative to a base member with 
v said element and base member being generally air sealed with 
pspect to each other so as to form a variable volume between them 
bV\movement of said element relative to said base member; 
a first outlet in communication with the variable volume of said first 
chamber and a second outlet in communication with the variable 
volume of said second chamber; 
a drive train connected to said motor drive and to said first and second 
expansible chambers to move each expansible chamber element 
relative to a respective base member, and 
a housing for said motordrive, expansible chambers and drive train; 
said housing, said motor \irive, said first and second chambers and -said 
drive chain being arrangeu in a^and-held unit. 



27. The pump mechanism of clai 



m the base member of said first 



expansible chamber is a rigid cap attacned)4o a first breast shield assembly within 
which the element of said first expansible chamber is received in sealing engagement, 
with said pump mechanism thereby being cameckby said first breast shield assembly, 
and the base member of said second expansible chamber is a rigid cap within which 
the element of said second expansible chamber is received in sealing engagement, and 
further including tubing connecting the outlet of said second expansible chamber with 
a second breast shield assembly. * 



28. The pump mechanism of claim 27 wherein said element is a flexible 
diaphragm, said diaphragm being moved in relation to said czto member by a drive 
train including an eccentric which is rotated by said motor drive*, with a first puller 
mounted to move with said eccentric and connected to the diaphragm of said first 
expansible chamber, and a second puller mounted to move with sai4 eccentric and 
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Connected to the diaphragm of said second expansible chamber, said first and second 
pollers extending in generally opposite directions from said eccentric so as to expand 
the^ volume of one expansible chamber while contracting the volume of the other 
expansible chamber as said eccentric rotates. 

29\ A pump mechanism for a breastpump comprising: 
a motor drive; 

a first and a second expansible chamber, each said expansible chamber 
V having an element which is movable relative to a base member with 
siaid element and base member being generally air sealed with 
resbect to each other so as to form a variable volume between them 
by movement of said element relative to said base member; 

an outlet for each variable volume of a respective chamber; 

a drive train connected to said motor drive and to said first and second 
expansible\chambers to move each expansible chamber element 
relative to a respeclfveTjase member, and - - 

a housing having eacWsaid base member integrally formed therein, said 
housing further containing said motor drive, expansible chambers 
and drive train. y\ / 

30. The breastpump of^ctaim 29 wherein each said base member is a rigid 
hemispherical cap respectively formed irk opposite sidewalls of said housing, the 
element of a respective first and second expansible chamber being received in sealing 
engagement with its respective cap, and further including tubing connecting the outlet 
of each said first and second expansible chamber with a respective breast shield 
assembly. \ 

31. The breastpump of claim 30 wherein said etement is a flexible diaphragm, 
said diaphragm being moved in relation to said cap by\a drive train including an 
eccentric which is rotated by said motor drive, with a firsr\puller mounted to move 
with said eccentric and connected to the diaphragm of said fust expansible chamber, 
and a second puller mounted to move with said eccentric \and connected to the 
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diaphragm or^aid/^ecbnd expansible chamber, said first and second pullers extending 
in generally opposite directions from said eccentric so as to expand the volume of one 
expansible cham^rNvhile contracting the volume of the other expansible chamber as 
said eccentric rotates. ^ 

32. Aho using fo r a pump mechanism of a breastpump comprising: 

first and second housing parts which assemble to provide an interior space 
for containing pump mechanism components; and 

a noise and vibration reducing material formed integral with said housing 
parts adjacent said interior space. 

) 

33. The housing of claim 32 further including a flexible diaphragm formed 
integral with each housing part. 

34^j\Jiousi^ mechanism of a breastpump comprising: 

first and second housing parts which assemble to provide an interior space 
adapted to contain pump mechanism components, and a flexible 
diaphragm formed integral with each housing part. 

35. The housing of claim 34 wherein said flexible diaphragm is fixed within 
an opening defined in a respective housing part, and further including a rigid 
hemispherical cap member which is removably and sealingly mountable over said 
opening on the outboard side of each housing part, said cap member and respective 
diaphragm together forming an expansible chamber for generating air pressure 
variations therein. 

36. The housing of claim 35 further including a noise and vibration reducing 
material formed integral with said housing parts adjacent said interior space. 

37. A housing for a pump mechanism of a breastpump comprising a flexible 
diaphragm formed integral with the housing. 
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38. The housing of claim 37 wherein said flexible diaphragm is fixed within 
an opening defined in a respective housing part, and further including a rigid 
hemispherical cap member which is removably and sealingly mountable over said 
opening on the outboard side of each housing part, said cap member and respective 
diaphragm together forming an expansible chamber for generating air pressure 
variations therein. 

39. The housing of claim 38 further including a noise and vibration reducing 
material formed integral with said housing parts adjacent said interior space. 
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